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Abstract 
It appears that there are 4 processes involved in the enhancement and aging of a CsI or 

CsI-TMAE photocathode: water absorption, charging up of the photocathode, a self 
annealing aging, and a permanent aging. The evidence for these processes are presented. 
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Introduction 
The use of pure CsI or CsI-TMAEi as a photosensitive element in wire and parallel 

plate chambers has been recently demonstrated [l-3]. Detectors with this solid 
photocathode have a better time resolution than the conventional detectors with 
photosensitive vapors. In fact it is a new type of detector, which some authors call gaseous 
photomultipliers [4]. However large scale applications of this device have been restricted 
due to the aging of the CsI photocathode [3-61. Some authors [5,7,8] have observed 
enhancement of the quantum efficiency of the CsI photocathode under some conditions 
which in principle could compete with aging. 

In this Technical Memo we report our latest results on the aging and enhancement 
properties of the CsI and CsI-Th4AE photocathodes. It is intended to be an informal (but 
referential) communication to those working in the field. 

Experimental set-up 
The parallel plate avalanche chamber used for this study is shown in fig. 1. It is , 

similar to the one described in references 3 and 5, except that it contains a cathode that can 
be cooled or heated between -20 and +lOO ‘C. The chamber was evacuated to a pressure 
of 10e4 when operated in the diode mode. Measurements with gain were also made at 
pressures of 10 Torr to 1 atm. The quantum efficiency of the photocathode is measured 
relative to the known efficiency of TMAE gas as described in reference 3. The ultraviolet 
light source used is a Hg lamp with its intensity monitored by a photodiode. For most of 
the measurements the UV light passed through a filter at h= 185 nm or through a 

monochmmeter. The area of the illuminated spot on the photocathcxle for all measurements 
was 113 mm2. Several photocathodes were tested: 0.5 and 0.015 pm pure CsI, and 2 and 
0.1 pm of CsI with an adsorbed TMAE layer as described in reference 3. 
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Figure 1. Parallel plate avalanche chamber with solid photocathode. 
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Measurements 
We observed the current (which is proportional to the quantum efficiency, QE, of the 

photocathode) in the chamber for pressures ranging from 1O-4 to 1 atm and for gas gains 
that varied from 1 to 106. A typical measurement for a 0.1 I.trn thick CsI-ThL4E 
photocathode with 20.4 Torr of methane and a gas gain of 262 is shown in Fig. 2. From 
time 0 to tl the photocathode is illuminated with intense UV light. The current (and QE) 
decreased as shown. At time tl the light was blocked and the quantum efficiency restores 
in time as shown by momentarily unblocking the UV light at times t:! - ts. These results are 
typical at room temperature operation at all pressures and gains studied. 
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Figure 2. Current of a CsI-TMAE photocathode as a function of time for a typical 
measurement. The gas gain is 262 and the pressure is 20.4 Torr of methane. The 
UV light is interrupted at time tl, and reestablished for a moment at times t2-t5. 

Fig. 3 shows the response of a pure CsI photocathode 0.015 i.trn thick in vacuum with 
a collection voltage of 11 V. We observe the same degradation of the QE as seen in the 
early part of fig. 2 at room temperature. At time tl the photocathode heater is turned on. 
The efficiency initially decreases by a few percent, then raises significantly, and finally 
slowly decreases again when the temperature stabilizes. The rate of aging at 8o’C is much 

less than for room temperature. A similar enhancement by a factor = 1.7 is observed when 
heating a freshly evaporated photocathode to 97 ‘C. This enhancement is not lost by a 
return to room temperature or by pumping to 10-j Ton: 

It is interesting to note that when a similar measurement to the one in fig. 3 was made 
with pure He as the counter gas at a gain >l, at the point that the heater was turned on there 
was a sudden, transient increase in the current. This is most likely due to the outgassing of 
something from the photocathode. The gas, having a lower ionization potential than the 
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fist excited state of He, causes an increase in current by the Penning effect. This effect is 
seen for both CsI and CsI+TMAE photocathodes. 
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Figure 3. Current as a function of time for a CsI photocathode. At time tl the 

photocathode is heated to 80 “C. 
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Figure 4. Currents as a function of time for a 0.1 urn thick CsI+TMAE and a 0.5 
pm thick CsI photocathode. 

In fig. 4 we compare the aging properties of a particular CsI photocathode to those of a 
particular CsI-TMAE photocathode, both at room temperature. Initially the drop in current 
is similar for both photocathodes, but with the current of the CsI-TMAE photocathode 
showing a smaller degradation The enhancement of the QE of the CsI photocathode, when 
it is heated, is also shown. 
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Figure 5. QE as a function of time of a freshly deposited , 0.5 pm thick CsI 
photocathode with a 40 l/mitt flow of methane. At 20 hours the photocathode is 
heated to 97 ‘C. 

There is one other measurement that also relates to the phenomenon of enhancement. 
Fig.5 which shows the QE at k=190 nm of a freshly evaporated 0.5 pm Csl photocathode 

operated at 1 atm with a 40 Umin flow for pure methane, initially at 23 ‘C. The QE 
increases with time a and plateau is reached at about 27%. This is a similar result to that 
seen by others [8] but it is achieve on a shorter time scale. At t=20 hours the cathode was 
heated to 97 ‘C and there is an almost instantaneous jump in QE to about 34%. This result 
will be interpreted in the next section. 
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Figure 6. Current as a function of time for a CsI photocathode showing the initial 
enhancement seen in almost all measumments. 
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In fig. 6 we present the initial enhancement of the quantum efficiency when the UV 
light is unblocked and when the chamber is operated at a relatively high vacuum ( lOA Torr) 
and a gain of 1. There is an initial increase in current (QE) before the degradation. This 
phenomenon is same as the one reported in an earlier work [5]. See fig. 3 for another 
example of this effect, 

Working Hypotheses 
Many measurements have been made. Not all of the results can be presented in this 

Technical Memo. We have developed a working hypotheses which seems to explain our 
results to date and will be used to direct future research. Our hypotheses is that there are 
four major phenomena involved: 

1. Water absorbed by the photocathode lowers the QE. This water can be 
removed by vacuum, heating, or a flow of dry gas and explains the’ 
enhancement seen in fig. 5. These results explain the enhancement that 
SCguinot et al.[8] see with the flowing of clean methane. 

2. A charging up of the photocathode, increasing the QE. This is seen in figs. 3 
and 6. The enhancement seen by Anderson and Kwan [5] now appears to be 
due to charging up of the photocathode. 

3. An unidentified reversible process of aging and recovery of the surface of the 
photocathode. It is induced by UV photons and positive ions of the 
avalanche. At a gain of 1 the charge saturates this process at =5 uC/mm2, 
equivalent to one elementary charge per 3A2. The recovery rate increases 
with temperature, yielding a higher equilibrium QE with higher temperature. 
As one would expect, the aging process is related to the current intensity, with 
a higher equilibrium QE for lower currents. See figs. 2 and 3. 

4. An unidentified irreversible aging process that determines the long term rate of 
decrease of efficiency after the reversible phenomena have reach equilibrium. 
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